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ABSTRACT
We present a summary of an asteroseismic signature of helium ionization reported by Houdek & Gough (2007, 2008,
2009) for low-degree p modes in solar-type stars, and illustrate its applications for asteroseismic diagnoses.
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1. Introduction
Abrupt variation in the stratification of a star (relative to
the scale of the inverse radial wavenumber of a seismic mode
of oscillation), such as that resulting from the (smooth, al-
beit acoustically relatively abrupt) depression in the first
adiabatic exponent γ1 = (∂ln p/∂ln ρ)s caused by the ion-
ization of helium, where p, ρ and s are pressure, density and
specific entropy, or from the sharp transition from radiative
to convective heat transport at the base of the convection
zone, induces small-amplitude oscillatory components (with
respect to frequency) in the spacing of the cyclic eigenfre-
quencies νi of seismic modes, with i = (n, l), where n and l
are order and degree respectively. We shall call such abrupt
variations in the stellar stratification an acoustic glitch. Our
interest is principally in the near-surface glitch caused by
helium ionization.
2. The seismic diagnostic and discussion
It was demonstrated by Houdek & Gough (2007) that the
variation of the sound speed induced by helium ionization
enables one to determine from the low-degree eigenfrequen-
cies a measure that is almost proportional to the helium
abundance, with little contamination from other properties
of the structure of the star. The deviation
δνi := νi − νsi (1)
of the eigenfrequency from the corresponding frequency νsi
of a similar smoothly stratified, i.e. glitch-free, star is the
indicator of a measure of the helium abundance Y . The
individual frequency contributions arising from the acoustic
glitches to the total frequency contribution δνi are:
δνi = δγνi + δcνi + δuνi , (2)
where δγνi and δcνi arise respectively from the variation
in γ1 induced by helium ionization and from the acous-
tic glitch at the base of the convection zone caused by
a near discontinuity in the second derivative of density.
Approximate expressions for δγνi and δcνi were presented
Fig. 1. The symbols denote contributions δνi to the fre-
quencies νi produced by the acoustic glitches of the Sun.
by Houdek & Gough (2007, 2008). The additional upper-
glitch component δuνi, which is produced by the ioniza-
tion of hydrogen and the upper superadiabatic bound-
ary layer of the envelope convection zone, is difficult to
model. Houdek & Gough (2007, 2008) estimated all three
glitch components by fitting to second differences ∆2iν :=
νn−1,l − 2νn,l + νn+1,l of the observed frequencies νi the
seismic diagnostic
∆2iν ≃ ∆2i(δγν + δcν + δuν) , (3)
and represented the upper-glitch component by a series of
inverse powers of νi, i.e. ∆2iδuν =
∑3
k=0 akν
−k
i , from which
the four coefficients ak, additional to seven more coeffi-
cients in δγνi and δcνi, were determined. The upper glitch
frequency component is represented by (Houdek & Gough
2009)
δuνi ≃ A+Bνi
+
[
1
2
a0ν
2
i + a1νi(ln νi−1)− a2 ln νi +
1
2
a3νi
]
h−2
≡ A+Bνi + Fu , (4)
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Fig. 2. The symbols in the upper panels denote second differences ∆2iν := νn−1,l− 2νn,l+ νn+1,l for low-degree modes
obtained from the BiSON (left panel; Basu et al. 2007) and from simulated data for a 1M⊙ model of age 5.54 Gy (right
panel); the simulation was based on two periods of 4-months of observation, separated by 1 year, with the SONG network
(see Grundahl et al. 2007). The solid curves are fits to ∆2iν based on the analysis by Houdek & Gough (2007). The dashed
curves are the smooth contributions, including a third-order polynomial in ν−1i to represent the upper-glitch contribution
from near-surface effects. The lower panels display the remaining individual contributions from the acoustic glitches
to ∆2iν: the dotted and solid curves are the contributions from the first and second stages of helium ionization, and the
dot-dashed curve is the contribution from the acoustic glitch at the base of the convective envelope.
where h = (νn+1,l − νn−1,l)/2. The somewhat arbitrarily
chosen power series in ν−1i for the upper-glitch component
leads to the two undetermined constants of summation A
and B, which Houdek & Gough (2009) chose by minimizing
E ≡ ||δuνi||2 =
∑
n
(A+Bνi + Fu)
2 . (5)
In Fig. 1 is displayed the sum of all acoustic glitches, i.e.
Eq.(2), for low-degree solar frequencies observed by BiSON
(Basu et al. 2007). Displayed in the top panels of Fig. 2
are the second differences of δνi (solid curve) and of the
upper-glitch component δuνi (dashed curve) for the Sun
and for simulated data of a solar-like star observed with the
Danish SONG instrument. The corresponding individual
frequency contributions δγνi (dotted and solid curves for
the two stages of helium ionization) and δcνi (dot-dashed
curve) are illustrated in the lower panels of Fig. 2.
The amplitudes of the oscillatory contributions from the
helium ionization (solid and dotted curves in the lower pan-
els of Fig. 2) provide an independent measure of the he-
lium abundance of the star. Moreover, with the help of
the smoothed (glitch-free) eigenfrequencies νsi the core-
sensitive coefficients of the asymptotic representation of
solar-like oscillations (Tassoul 1980, Gough 1986) can be
evaluated more accurately. This information stabilizes the
age calibration of the Sun and solar-like stars using only
low-degree acoustic modes (Houdek & Gough 2008, 2009).
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